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Abstract
The double-spinor formalism, proposed by Aisaka and Kazama, provides a ba-
sis for the pure-spinor formalism, which allows manifestly super-Poincare´ covariant
quantization of superstrings. We extend it to the case of backgrounds realized by
coset superspaces. A general method constructing reparametrization invariant action
is given using two concrete examples, the flat space-time and AdS5 × S5. We find
that it is natural to double not only the spinor coordinates but the whole superspace
for describing double-spinor superstrings on such backgrounds. The reparametrization
invariant action has local symmetries compensating those extra degrees of freedom,
which guarantee the equivalence to the Green-Schwarz formalism.
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§1. Introduction
The pure spinor (PS) formalism is a promising method to quantize superstrings in a
manner that preserves the manifest super-Poincare´ covariance.1) Defined as a free conformal
field theory, it provides a calculable prescription to give general supersymmetric amplitudes
in the flat ten-dimensional space-time.2) The PS formalism can also be extended to the
case of superstrings on the AdSp × Sp-type backgrounds3), 4) and those obtained as their
Penrose limit.5) It is essential to prove conformal invariance at the quantum level,6) which
cannot be realized with the Green-Schwarz (GS) formalism. However, because of the lack
of reparametrization invariant action, the origins of various tools of the PS formalism, the
pure spinor field, the BRST symmetry, the Feynman-like rules, etc., are still unclear.
To clarify this fundamental question, Aisaka and Kazama proposed the double spinor
(DS) formalism based on a fundamental reparametrization invariant action from which
one can derive the PS formalism.9) In the DS formalism, superstrings are propagating
in an extended superspace, (Xa, θαA, θ˜
α
A), obtained using doubling spinor coordinates. The
reparametrization invariant action has a novel local fermionic symmetry, in addition to the
conventional κ-symmetry, compensating the extra spinor degrees of freedom θ˜αA. It reduces
to the GS action if the extra fermionic fields θ˜αA are gauged away, which yields the equiva-
lence to the GS formalism. The equivalence to the PS formalism is also proved in Ref. 9),
which also gives an indirect proof of the equivalence between the PS and GS formalisms.∗)
In this proof, the local fermionic symmetry plays an alternative role, an origin of the BRST
symmetry. The pure spinor field λαA is identified as a part of its ghost field.
9)
The purpose of this paper is to extend the DS formalism to the backgrounds realized by
coset superspaces. Although the method is general and applicable to any coset superspace,
on which the GS superstring can be defined, we illustrate it using two fundamental examples,
flat ten-dimensional space-time andAdS5×S5. For general coset superspace, we find that it is
natural to double the vector degrees of freedom as well as the spinor ones as (Xa, X˜a, θαA, θ˜
α
A).
The reparametrization invariant action of this extended DS superstring also has local bosonic
symmetry, in addition to the local fermionic symmetry, compensating the extra degrees of
freedom, (X˜a, θ˜αA). The action coincides with that of the GS formalism if these extra fields
(X˜a, θ˜αA) are gauged away. This is an extension of the conventional DS formalism in the
sense that the action reduces the conventional one after gauging away only the extra bosonic
field X˜a in the case of flat space-time.
The paper is organized as follows. In §2, we briefly review the GS superstring on flat
space-time and AdS5×S5 to fix our notations. The coset superspace SUSY (N = 2)/SO(9, 1)
∗) A similar proof is also given in Refs. 10), 11).
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and PSU(2, 2|4)/(SO(4, 1) × SO(5)) are introduced as the target (super)space of the GS
superstring on the flat space-time and AdS5 × S5, respectively. Given in §3 is the method
to give the reparametrization invariant action of the extended DS formalism. The doubled
superspace (Xa, X˜a, θαA, θ˜
α
A) is naturally introduced but the explicit form of the action can
be obtained only in the X˜a = 0 gauge. The equivalence to the PS formalism is discussed
in the final section. Appendix A contains a summary of our conventions for spinors and
supergroups.
§2. Green-Schwarz superstring on the coset superspace
In this section, we summarize the GS superstring on backgrounds realized as the coset
superspace using two concrete examples, flat space-time and AdS5 × S5. We will extend
them to the DS superstring in the next section.
2.1. Flat background as a coset superspace
The simplest example of the background realized as a coset superspace is the flat back-
ground. The GS superstring on the ten-dimensional flat space-time can be described as
a nonlinear sigma model on the coset superspace SUSY (N = 2)/SO(9, 1).12) Here, the
SUSY (N = 2) (SO(9, 1)) is the N = 2 super-Poincare´ (Lorentz) group in ten dimensions,
the details of which are summarized in Appendix A.
This coset superspace can be parametrized by coordinates (Xa, θαA) as
G(X, θ) = g(X)G(θ), (2.1a)
g(X) = exp(XaPa), G(θ) = exp(θαAQAα ), (2.1b)
where (Xa)† = Xa, (θαA)
† = θαA. The structure of this coset superspace is exceptionally
simple, since (Pa, Q
A
α ), frequently called broken generators, satisfy a closed subalgebra. The
nonlinear sigma model is described using the map from the world-sheet Σ, parametrized by
σm with m = 0, 1, to this coset superspace, (Xa(σm), θαA(σ
m)). The global supersymmetry
is nonlinearly realized on these fields by left multiplication as
G(X, θ)→ G(ǫ)G(X, θ) = G(X ′, θ′), (2.2)
or equivalently
δXa = −iθAγ¯aǫA, δθαA = ǫαA, (2.3)
where ǫαA is a constant spinor parameter.
The left-invariant Maurer-Cartan (MC) one-form
G−1dG = LaPa + L
α
AQ
A
α , (2.4)
3
is invariant under the global supersymmetry, where La = Lamdσ
m and LαA = L
α
Amdσ
m are
the pullback of superspace one-forms on the world-sheet using the sigma model map, which
can be easily calculated as
Lam =∂mX
a − iθAγ¯a∂mθA, (2.5a)
LαAm =∂mθ
α
A. (2.5b)
The reparametrization invariant action is given as
IGS =IK + IWZ , (2.6a)
IK =− 1
2
∫
Σ
d2σ
√
−hhmnLamLan, (2.6b)
IWZ =i
∫
M
sABLa ∧ LA ∧ γ¯aLB, (2.6c)
where s11 = −s22 = 1, s12 = s21 = 0, and hmn is the world-sheet metric. The Wess-Zumino
action is integrated over a three-dimensional manifold whose boundary is the world-sheet,
∂M = Σ. This can be easily rewritten using the integral on the world-sheet as
IWZ = −i
∫
Σ
d2σǫmn(sABLamθAγ¯a∂nθB − iθ1γ¯a∂mθ1θ2γ¯a∂nθ2). (2.7)
The sum of (2.6b) and (2.7) is nothing but the action of the GS superstring on the flat
space-time.12)
Due to the Wess-Zumino term, the action is invariant under the κ-symmetry defined as13)
δXa =iθAγ¯
aδθA, δθA = L
a
mγaκ
m
A , (2.8a)
δ(
√
−hhmn) =− 8i
√
−hPml− ∂lθ1ακαn1 − 8i
√
−hPml+ ∂lθ2ακαn2 , (2.8b)
where
Pmn± =
1
2
(
hmn ± ǫ
mn
√−h
)
, (2.9)
are the projection operators of the world-sheet vector. The parameters κmAα in (2.8) are
restricted to satisfy the constraints
Pmn− κ1αn = κ
m
1α, P
mn
+ κ2αn = κ
m
2α. (2.10)
The κ-symmetry is crucial to reduce the fermionic degrees of freedom to the physical ones.
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2.2. AdS5 × S5 background
Another important example of background, realized as a coset superspace, is AdS5 × S5
with Ramond-Ramond (RR) flux obtained as a near-horizon limit of the D3-brane solution.14)
The GS superstring on this background is described as a nonlinear sigma model on the
coset superspace PSU(2, 2|4)/(SO(4, 1) × SO(5)),7), 15) the details of which are given in
Appendix A. By using coordinates (X aˆ, θαα
′
A ), this is parametrized, in a similar way to (2.1),
as
G(X, θ) = g(X)G(θ), (2.11a)
g(X) = exp(X aˆPaˆ), G(θ) = exp(θαα′A QAαα′), (2.11b)
where (X aˆ)† = X aˆ and (θββ
′
A )
†(γ0)βαδ
β′
α′ = θαα′A. The global supersymmetry is nonlinearly
realized on these fields by left multiplication as
G(X, θ)→ G(ǫ)G(X, θ) = G(X ′, θ′)H(ǫ;X, θ), (2.12)
where ǫ (= ǫαα
′
A ) is a global spinor parameter, and H(ǫ;X, θ) ∈ SO(4, 1)× SO(5) depends
not only on the parameter ǫ, but also on the fields (X aˆ, θαα
′
A ).
The left-invariant MC one-form is given as
G−1dG = LaˆPaˆ +
1
2
LaˆbˆMaˆbˆ + L
αα′
A Q
A
αα′ , (2.13)
where we use an abbreviation LaˆbˆMaˆbˆ ≡ LabMab + La
′b′Ma′b′ . Its components of broken
generators, (Laˆ, Lαα
′
A ), can be computed as
15)
Laˆ =eaˆ − 4iθAγˆaˆ
(
sh2(M/2)
M2 Dθ
)A
, (2.14a)
LAα =
(
sh(M)
M Dθ
)Aα
, (2.14b)
where
(M2)AB =− ǫAC
(
(γaθC)(θ
Bγa)− (γa′θC)(θBγa′)
)
+
1
2
(
(γabθ
A)(θCγ
ab)− (γa′b′θA)(θCγa′b′)
)
ǫCB, (2.15)
DAB =δAB
(
d+
1
4
ωaˆbˆγaˆbˆ
)
− i
2
ǫABeaˆγˆaˆ. (2.16)
The one-form eaˆ (ωaˆbˆ) is the pullback of the viel-bein (spin-connection) of AdS5 × S5 space
on the world-sheet.
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The reparametrization invariant action on this background is given as
IGS =IK + IWZ , (2.17a)
IK =− 1
2
∫
Σ
d2σ
√
−hhmnLaˆmLaˆm, (2.17b)
IWZ =i
∫
M
sABLaˆ ∧ LAγˆaˆ ∧ LB, (2.17c)
where the Wess-Zumino term can be written as the world-sheet integral,16)
IWZ =− 2
∫
Σ
L1αα′ ∧ Lαα
′2,
=− 2
∫
Σ
d2σǫmnL1αα′mL
αα′2
n . (2.18)
This action (2.17) is invariant under the κ-symmetry whose transformation laws have simple
forms on the linear combination (δxaˆ, δϑαα
′
A ), obtained by replacing (dX
aˆ, dθαα
′
A ) in (L
aˆ, Lαα
′
A )
with (δX aˆ, δθαα
′
A ), as
∗)
δxaˆ = 0, δϑαα
′
A = L
a
m(γaκ
m
A )
αα′ − iLa′m(γa′κmA )αα
′
, (2.19a)
δ(
√−hhmn) =− 8i√−h
(
Pml− L1αα′lκ
αα′n
1 + P
ml
+ L2αα′lκ
αα′n
2
)
. (2.19b)
The parameters καα
′
Am are restricted to be
Pmn− κ
αα′
1n = κ
αα′m
1 , P
mn
+ κ
αα′
2n = κ
αα′m
2 . (2.20)
§3. Double-spinor superstrings in coset superspace
Now we extend the DS formalism to the backgrounds realized as coset superspaces.
Although the method is elucidated using two backgrounds explained in the previous section,
one can easily see that it is general and can be applicable to any consistent background of
GS formalism realized as coset superspaces.
3.1. DS superstring in flat background
Let us first reformulate, and slightly extend, the conventional DS superstring in the flat
space-time, in a way that is applicable to general backgrounds realized by coset superspaces.
To begin with, we double the superspace coordinate fields (Xa, θαA) to (X
a, X˜a, θαA, θ˜
α
A), and
replace the group-valued field G(X, θ) in (2.1a) by
Gˆ(X, X˜, θ, θ˜) =G(X, θ)G†(X˜, θ˜),
=exp
((
Xˆa − i(θAγ¯aθ˜A)
)
Pa +Θ
α
AQ
A
α
)
, (3.1)
∗) At least perturbatively, one can solve them as the ones for the fundamental fields (X aˆ, θαα
′
A
), if
necessary.
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where Xˆa = Xa − X˜a and ΘαA = θαA − θ˜αA.∗) It should be emphasized that the interaction
terms between the conventional and extra spinor fields, −i(θAγ¯aθ˜A), which were introduced
in a heuristic manner to realize a local fermionic symmetry in Ref. 9), naturally appeared in
this doubled (group-valued) field Gˆ in (3.1). This is made possible by doubling not only the
spinor coordinates θ˜A but also the bosonic coordinates X˜
a, that is, the whole superspace, as
a product of group-valued fields. It also makes it easy to extend the method to the case of
general coset superspaces.
The global supersymmetry is, as in the case of the GS superstring, realized by left-
multiplication as
Gˆ(X, X˜, θ, θ˜)→ G(ǫ)Gˆ(X, X˜, θ, θ˜) =G(ǫ)G(X, θ)G(X˜, θ˜)†,
=G(X ′, θ′)G(X˜, θ˜)† = Gˆ(X ′, X˜, θ′, θ˜), (3.2)
which can be written as the transformations of the doubled superspace coordinate fields as
δXa =− iθAγ¯aǫA, δθαA =ǫαA, (3.3a)
δX˜a =0, θ˜αA =0. (3.3b)
The left-invariant MC one-form is defined using this doubled variable Gˆ as
Gˆ−1dGˆ = LˆaPa + Lˆ
α
AQ
A
α . (3.4)
We can easily obtain
Lˆa =d(Xˆa − iθAγ¯aθ˜A)− iΘAγ¯adΘA, (3.5a)
LˆαA =dΘ
α
A. (3.5b)
We define the reparametrization invariant action of the (extended) DS superstring by
replacing (La, LαA), in the action (2.6) of the GS superstring, with (Lˆ
a, LˆαA) as
IDS =IK + IWZ , (3.6a)
IK =− 1
2
∫
Σ
d2σ
√−hhmnLˆamLˆan, (3.6b)
IWZ =− i
∫
Σ
d2σǫmn(sABLˆamΘAγ¯
a∂nΘB − iΘ1γ¯a∂mΘ1Θ2γ¯a∂nΘ2). (3.6c)
To study the local symmetries, we start from the apparently trivial fact that the doubled fun-
damental variable Gˆ, therefore the action (3.6), is invariant under the local transformations,
∗) Our convention is different by sign from the one in Ref. 9).
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G(X, θ)′ =G(X, θ)G(ξ, χ), (3.7a)
G(X˜, θ˜)′ =G(X˜, θ˜)G(ξ, χ), (3.7b)
where ξa (χαA) is a local bosonic (fermionic) parameter. This can be rewritten by the trans-
formation of fields (Xa, X˜a, θαA, θ˜
α
A) as
G(X, θ)G(ξ, χ) =G(X ′, θ′), (3.8a)
G(X˜, θ˜)G(ξ, χ) =G(X˜ ′, θ˜′), (3.8b)
which yields infinitesimal transformations
δXa =ξa + iθAγ¯
aχA, δθ
α
A =χ
α
A, (3.9a)
δX˜a =ξa + iθ˜Aγ¯
aχA, δθ˜
α
A =χ
α
A. (3.9b)
The action (3.6) reduces to the one of the GS superstring, if the extra fields (X˜a, θ˜αA) are
gauged away. In addition to these local symmetries, the action (3.6) also has the conventional
κ-symmetry whose transformation law is given for the similar linear combination to (2.19),
obtained by replacing (dXa, dX˜a, dθαA, dθ˜
α
A) in (Lˆ
a, LˆαA) with (δX
a, δX˜a, δθαA, δθ˜
α
A), as
δxa =δ(Xˆa − iθAγ¯aθ˜A)− iΘAγ¯aδΘA = 0, (3.10a)
δϑαA =δΘ
α
A = Lˆ
a
m(γaκ
m
A )
α, (3.10b)
δ(
√−hhmn) =− 8i√−hPml− ∂lΘ1ακαn1 − 8i
√−hPml+ ∂lΘ2ακαn2 . (3.10c)
It should be noted that these transformations (3.10a) and (3.10b) cannot be solved uniquely
using fundamental fields, (δXa, δX˜a, δθαA, δθ˜
α
A). This is not a problem but a natural con-
sequence of the local symmetries (3.9). More specifically, transformations of fundamental
fields (δXa, δX˜a, δθαA, δθ˜
α
A), producing the same combination (3.10a) and (3.10b), are related
by the local symmetries (3.9). For example, let us consider two transformations,
δ1X
a =− iθ˜Aγ¯aδ1θA + iΘAγ¯aδ1θA, δ1X˜a = 0, (3.11a)
δ1θ
α
A =Lˆ
a
m(γaκ
m
A )
α, δ1θ˜
α
A = 0, (3.11b)
and
δ2X
a =iθ˜Aγ¯
aδ2θ˜A, δ2X˜
a = 0, (3.12a)
δ2θ
α
A =0, δ2θ˜
α
A = −Lˆam(γaκmA )α, (3.12b)
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which give the same transformation laws as (3.10a) and (3.10b). The difference between
them,
δ1X
a − δ2Xa =iLˆbmΘAγ¯aγbκmA , δ1X˜a − δ2X˜a = 0, (3.13a)
δ1θ
α
A − δ2θαA =Lˆam(γaκmA )α, δ1θ˜αA − δ2θ˜αA = Lˆam(γaκmA )α, (3.13b)
is a local transformation (3.9) with parameters
ξa = −iθAγ¯aχA, χαA = Lˆam(γaκmA )α. (3.14)
Finally, the conventional DS formalism9) is obtained by setting X˜a = 0 using the local
bosonic symmetry (3.9). The action (3.6) reduce to the original action, which is invariant
under the local fermionic symmetry9)
δXa =iΘAγ¯
aχA, (3.15a)
δθαA =χ
α
A, δθ˜
α
A = χ
α
A. (3.15b)
This residual symmetry, which keeps the gauge condition X˜a = 0 invariant, is obtained
by combining the local fermionic transformation in (3.9) with the particular local bosonic
transformation choosing the parameter ξa = −iθAγ¯aχA.
3.2. DS superstring in AdS5 × S5
It is now straightforward to extend the DS formalism to the case of AdS5×S5 background,
realized as the coset superspace PSU(2, 2|4)/(SO(4, 1)× SO(5)).
First, we define Gˆ(X, X˜, θ, θ˜) = G(X, θ)G(X˜, θ˜)† using (2.11), by doubling superspace
coordinate fields (X aˆ, θαα
′
A ) to (X
aˆ, X˜ aˆ, θαα
′
A , θ˜
αα′
A ). The left-invariant MC one-form has the
same form as the one in the GS formalism (2.13),
Gˆ−1dGˆ = LˆaˆPaˆ +
1
2
LˆaˆbˆMaˆbˆ + Lˆ
αα′
A Q
A
αα′ . (3.16)
The global supersymmetry is still nonlinearly realized by left-multiplication as
Gˆ(X, X˜, θ, θ˜)→ G(ǫ)Gˆ(X, X˜, θ, θ˜) =G(X ′, θ′)H(ǫ;X, θ)G(X˜, θ˜)†,
=G(X ′, θ′)G(X˜ ′, θ˜′)†H(ǫ;X, θ),
=Gˆ(X ′, X˜ ′, θ′, θ˜′)H(ǫ;X, θ), (3.17)
whereG(X˜ ′, θ˜′) = H(ǫ;X, θ)G(X˜, θ˜)H(ǫ;X, θ)†. We should note that the extra fields (X˜ aˆ, θ˜αα
′
A )
are nontrivially transformed under the global supersymmetry contrary to the case of the flat
space-time, (3.3b). This implies that we cannot fix the conventional κ-symmetry keeping
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the supersymmetry manifest by setting a half of θ˜A to be zero as in Ref. 9). Thus, the
relation to the PS formalism, which is manifestly super-Poincare´ covariant, has to be much
complicated.
One can define a reparametrization invariant action of the extended DS superstring, by
replacing the fundamental variable G with this Gˆ, in the action of the GS superstring (2.17),
as
IDS =IK + IWZ , (3.18a)
IK =− 1
2
∫
Σ
d2σ
√−hhmnLˆaˆmLˆaˆm, (3.18b)
IWZ =i
∫
M
sABLˆaˆ ∧ LˆAγˆaˆ ∧ LˆB,
=− 2
∫
Σ
d2σǫmnLˆ1αα′mLˆ
αα′2
n . (3.18c)
The doubled fundamental variable Gˆ is invariant under the the local transformations,
G(X, θ)′ =G(X, θ)G(ξ, χ), (3.19a)
G(X˜, θ˜)′ =G(X˜, θ˜)G(ξ, χ), (3.19b)
where (ξaˆ, χαα
′
A ) are local parameters. These transformations are again rewritten as the
transformation on the superstring coordinate fields (X aˆ, X˜ aˆ, θαα
′
A , θ˜
αα′
A ) in the following two
steps. At the beginning, the transformation (3.19) can be rewritten as
G(X, θ)G(ξ, χ) =G(X ′, θ′)H(X, θ; ξ, χ), (3.20a)
G(X˜, θ˜)G(ξ, χ) =H˜(X˜, θ˜; ξ, χ)†G(X˜ ′, θ˜′), (3.20b)
where H(X, θ; ξ, χ) and H˜(X˜, θ˜; ξ, χ) are SO(4, 1)×SO(5) valued parameters depending on
fields (X aˆ, X˜ aˆ, θαα
′
A , θ˜
αα′
A ) as well as parameters (ξ
aˆ, χαα
′
A ). This alternative form of transfor-
mation induces a nontrivial transformation on Gˆ as
Gˆ(X, X˜, θ, θ˜)′ =G(X ′, θ′)H(X, θ; ξ, χ)G(X˜ ′, θ˜′)†H˜(X˜, θ˜; ξ, χ),
=Gˆ(X ′, X˜ ′′, θ′, θ˜′′)Hˆ(X, X˜, θ, θ˜; ξ, χ), (3.21)
where
Gˆ(X ′, X˜ ′′, θ′, θ˜′′) =G(X ′, θ′)G(X˜ ′′, θ˜′′)†, (3.22a)
G(X˜ ′′, θ˜′′) =H(X, θ; ξ, χ)G(X˜ ′, θ˜′)H(X, θ; ξ, χ)†, (3.22b)
Hˆ(X, X˜, θ, θ˜; ξ, χ) =H(X, θ; ξ, χ)H˜(X˜, θ˜; ξ, χ). (3.22c)
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The action (3.18) is invariant under this transformation, since the components of the broken
generators, (Lˆaˆ, LˆA), are transformed covariantly.
The κ-transformation is defined on the similar linear combination (δxaˆ, δϑαα
′
A ) to (2.19),
given by replacing (dX aˆ, dX˜ aˆ, dθαα
′
A , dθ˜
αα′
A ) in (L
aˆ, Lαα
′
A ) with (δX
aˆ, δX˜ aˆ, δθαα
′
A , δθ˜
αα′
A ), as
δxaˆ = 0, δϑαα
′
A = Lˆ
a
m(γaκ
m
A )
αα′ − iLˆa′m(γa′κmA )αα
′
, (3.23a)
δ(
√−hhmn) =− 8i√−h
(
Pml− Lˆ1αα′lκ
αα′n
1 + P
ml
+ Lˆ2αα′lκ
αα′n
2
)
. (3.23b)
The transformation laws of the fundamental fields (δX aˆ, δX˜ aˆ, δθαα
′
A , δθ˜
αα′
A ) cannot be uniquely
determined, but it is expected from the local symmetries.
In X˜a = 0 gauge, we can further find the explicit form of (Lˆaˆ, Lˆαα
′
A ), in a similar way to
the GS superstring7), 15) as
Lˆaˆ =eaˆ − 4iθAγˆaˆ
(
sh2(M/2)
M2 Dθ
)A
− 4iθ˜Aγˆaˆ
(
sh2(M˜/2)
M˜2 Dθ˜
)A
+ 2iθ˜Aγˆaˆ
(
sh(M˜)
M˜
sh(M)
M Dθ
)A
− 8iθ˜Aγˆaˆ
(
sh2(M˜/2)
M˜2 Mˆ
2 sh
2(M/2)
M2 Dθ
)A
, (3.24a)
LˆA =
(
ch(M˜)sh(M)M Dθ
)A
−
(
sh(M˜)
M˜ Dθ˜
)A
− 2
(
sh(M˜)
M˜ Mˆ
2 sh
2(M/2)
M2 Dθ
)A
, (3.24b)
where
(M˜)AB =− ǫAC
(
(γaθ˜C)(θ˜
Bγa)− (γa′ θ˜C)(θ˜Bγa′)
)
+
1
2
(
(γabθ˜
A)(θ˜Cγ
ab)− (γa′b′ θ˜A)(θ˜Cγa′b′)
)
ǫCB, (3.25a)
(Mˆ)AB =− ǫAC
(
(γaθ˜C)(θ
Bγa)− (γa′ θ˜C)(θBγa′)
)
+
1
2
(
(γabθ˜
A)(θCγ
ab)− (γa′b′ θ˜A)(θCγa′b′)
)
ǫCB. (3.25b)
One can easily see that they reduce to those of the GS superstring, (2.14), if we set the extra
fermionic field θ˜αα
′
A = 0.
§4. Discussion
In this paper, we extend the DS formalism for superstring in the flat space-time, proposed
by Aisaka-Kazama,9) to the case of backgrounds realized as coset superspaces. The action of
the extended DS superstring is naturally defined on the doubled superspace (Xa, X˜a, θA, θ˜A).
It has local symmetries compensating the extra degrees of freedom, (X˜a, θ˜A), and reduces
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to the GS action if they are gauged away. We explicitly construct the reparametrization
invariant action for two fundamental examples, the flat space-time and AdS5 × S5. It is
easily seen that the method is general and applicable to any coset superspaces, which are
consistent backgrounds of the GS superstring.
A remaining problem is to show the equivalence between the extended DS formalism and
the PS formalism. It is difficult, however, since DS superstring cannot be exactly quantized
except for the case of the flat space-time. We only point out here that the extended DS
superstring reduces to the conventional one,9) in the flat space-time limit.∗) On the other
hand, there is an essential difference between the DS superstrings in the flat and the AdS5×S5
backgrounds. In the latter case, the extra fields (X˜a, θ˜A) are nontrivially transformed under
the global supersymmetry, as given in (3.17). Therefore, the manifest supersymmetry is
broken if we fix the conventional κ-symmetry by setting a half of θ˜A to be zero, as in
Ref. 9). This implies that the relation to the PS formalism, which has manifest super-
Poincare´ covariance, should be much complicated.
Finally, it is also interesting to find a geometric interpretation of doubled superspace.
The similar approaches,17)–19) doubling the (super) coordinates, may help the investigation.
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Appendix A
Conventions for Spinors and Supergroups
A.1. N = 2 super-Poincare´ algebra in ten dimensions
For SO(9, 1) gamma matrices,
{Γ a, Γ b} =2ηab, (a, b = 0, 1, · · · , 9) (A.1a)
(Γ a)T =− CΓ aC−1, CT = −C, (A.1b)
where ηab = diag(−1, 1, · · · , 1), we use a chiral Majorana representation
Ψ =
(
ψα
χα
)
, C =
(
0 1
−1 0
)
, Γ a =
(
0 (γa)αβ
(γ¯a)αβ 0
)
, (A.2)
where (γa)αβ = (γa)βα and (γ¯a)αβ = (γ¯
a)βα.
The N = 2 super-Poincare´ group in ten dimensions is generated by anti-hermitian formal
generators (Pa,Mab, Q
A
α ) satisfying
[Mab,Mcd] =ηbcMad − ηbdMac + ηadMbc − ηacMbd, (A.3a)
[Mab, Pc] =ηbcPa − ηacPb, [Mab, QAα ] =
1
2
QAβ (γab)
βα, (A.3b)
{QAα , QBβ } = −2iδAB(γ¯a)αβPa. (A.3c)
The subgroup SO(9, 1) is the ten-dimensional Lorentz group generated by Mab.
A.2. PSU(2, 2|4)
For SO(4, 1) gamma matrices, we use a convention
{γa, γb} =2ηab, (a, b = 0, 1, · · · , 4) (A.4a)
(γa)T =CγaC−1, CT = −C. (A.4b)
The identity iγ0γ1 · · ·γ4 = 1 holds. Similarly, SO(5) gamma matrices satisfy
{γa′ , γb′} =2δa′b′ , (a′, b′ = 5, 6, · · · , 9) (A.5a)
(γa
′
)T =C ′γa
′
C ′−1, CT = −C, (A.5b)
and the identity γ5 · · · γ9 = 1 holds. It is useful to define γˆa = γa and γˆa′ = iγa′ .
The supergroup PSU(2, 2|4) is generated by formal generators (Paˆ,Maˆbˆ, QAαα′) satisfying
hermiticity conditions (Paˆ)
† = −Paˆ, (Maˆbˆ)† = −Maˆbˆ and (Qββ
′A)†(γ0)βαδ
β′
α′ = −QAββ′ , where
we define
QAαα′ =Q
ββ′ACβαC
′
β′α′ , (A.6a)
Qαα
′A =QAββ′(C
−1)βα(C ′−1)β
′α′ . (A.6b)
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We also use the abbreviated notations Paˆ = (Pa, Pa′) and Maˆbˆ = (Mab,Ma′b′).
These generators satisfy psu(2, 2|4) superalgebra given by
[Pa, Pb] =Mab, [Pa′ , Pb′ ] = −Ma′b′, (A.7a)
[Pa,Mbc] =ηabPc − ηacPb, [Pa′ ,Mb′c′] = δa′b′Pc′ − δa′c′Pb′ , (A.7b)
[QAαα′ , Pa] =−
i
2
ǫABQ
B
βα′(γa)
β
α, [Q
A
αα′ , Pa′ ] =
1
2
ǫABQ
B
αβ′(γa′)
β′
α′ , (A
.7c)
[QAαα′ ,Mab] =−
1
2
QAβα′(γab)
β
α, [Q
A
αα′ ,Ma′b′] = −
1
2
QAαβ′(γa′b′)
β′
α′ , (A
.7d)
[Mab,Mcd] =ηbcMad − ηbdMac + ηadMbc − ηacMbd, (A.7e)
[Ma′b′,Mc′d′ ] =δb′c′Ma′d′ − δb′d′Ma′c′ + δa′d′Mb′c′ − δa′c′Mb′d′ , (A.7f)
{QAαα′ , QBββ′} =δAB
(
−2i(Cγa)αβC ′α′β′Pa + 2Cαβ(C ′γa
′
)α′β′Pa′
)
+ ǫAB
(
(Cγab)αβC
′
α′β′Mab − Cαβ(C ′γa
′b′)α′β′Ma′b′
)
. (A.7g)
The subgroup SO(4, 1)× SO(5) is generated by Maˆbˆ.
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